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(54) Dynamic home agent system for wireless communication systems 



(57) The dynamic Home Agent system for wireless 
communication systems uses the existing infrastructure 
of the telephony signaling networks and enhanced cel- 
lular authentication centers to support dynamic Home 
Agents, either in visited wireless networks or home 
wireless networks in a secure manner to provide packet 
data services to a roaming mobile subscriber station. 
Authentication Centers are deployed in these networks 
as a cellular security mechanism to provide cellular 
service qualification checks and to prevent cellular fraud 
by the exchange of confidential keys. The cellular secu- 
rity mechanism is enhanced by the use of an additional 
key, the Dynamic Mobile IP Key (DMIPKEY) which is 

FIG. 4 



used by the dynamic Home Agent in the visited wireless 
network for authenticating Mobile IP registrations 
requested by the mobile subscriber station. In ANSI 
systems, the DMIPKEY can be derived from the Shared 
Secret Data key or Shared Secret Data part A (SSD_A), 
since the latter is used for authentication purposes. With 
necessary CAVE algorithm enhancements, both a 
mobile subscriber station equipped with the CAVE algo- 
rithm and its Authentication Center can independently 
produce the DMIPKEY. Since the mobile subscriber sta- 
tion is equipped with the CAVE algorithm, the DMIPKEY 
does not need to be transmitted over the air. 
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Description 

Field Of The Invention 

[0001] This invention relates to wireless communi- 
cation systems and in particular to the provision of 
packet data services to a roaming mobile subscriber 
station by means of the dynamic assignment of Mobile 
IP Home Agents and IP addresses that involve dynamic 
assignment in a secure manner. 

Problem 

[0002] It is a problem in the field of wireless commu- 
nication systems to provide roaming wireless subscriber 
stations with access to packet data services that involve 
dynamic assignment of Home Agents and Internet Pro- 
tocol addresses in a secure manner. The provision of 
such services in the wireless subscriber station home 
wireless network involves the distribution of secret keys 
that enable the home wireless communication system 
to authenticate the identity of the wireless subscriber 
station regardless of whether the mobile subscriber sta- 
tion is in the home wireless network or the visited wire- 
less network. Secure key distribution in these scenarios 
requires widespread use of key distribution centers for 
wireless packet data services. A packet data centric 
infrastructure with these key distribution centers is how- 
ever not widely available today or can be expensive to 
build and deploy. Without such an infrastructure, the dis- 
tribution of keys over an insecure communication net- 
work can compromise this data, enabling the 
perpetration of communications fraud in the form of theft 
of services using the illegally obtained authentication 
data of the wireless subscriber station. 
[0003] Advanced packet data services are part of 
the third generation (3G) wireless communication sys- 
tems as specified by the ITU/IMT-2000 requirements for 
cellular communications. In addition to static Internet 
Protocol (IP) address assignment, dynamic Internet 
Protocol address assignment is required in 3G/IMT- 
2000 systems. With static IP address assignment, the 
mobile subscriber station's static IP address is fixed and 
assigned by the home wireless network. When the 
mobile subscriber station is away from its home wireless 
network (roaming), a special data communications link 
(Mobile IP tunnel) needs to be established between the 
visited wireless network and the home wireless net- 
work. In this case, IP packets destined to the mobile 
subscriber station's IP address of the home wireless 
network are routed to the home wireless network 
according to standard IP routing. A Mobile IP tunnel is 
used in the home wireless network to redirect the IP 
packets that are destined to the mobile subscriber sta- 
tion's static IP address to the visited wireless network 
where the roaming mobile subscriber station is located 
and being served. When a mobile subscriber station 
moves from one wireless network coverage area to 



another, Mobile IP mobility binding updates are per- 
formed between the mobile subscriber station and its 
Home Agent (HA) in the home wireless network. Since 
both the mobile station's IP address and its Home Agent 

5 IP address are static or fixed, a shared secret between 
the mobile subscriber station and the Home Agent can 
be preprogrammed into the mobile station and its Home 
Agent so that the Home Agent can authenticate Mobile 
IP registrations requested by the mobile subscriber sta- 

10 tion and perform mobility binding updates in a secure 
manner. 

[0004] While Mobile IP solves the problem of packet 
data mobility across wireless networks, there are sev- 
eral issues that remain unresolved. First, the unneces- 

15 sarily long data transmission routes via the Mobile IP 
tunnel that is always anchored in the mobile station's 
home wireless network introduce extra network latency 
and increased network resource usage; the impact of 
increased network latency on real-time applications 

20 such as IP telephony (voice over IP) and H.323 could be 
severe. Second, as the number of cellular packet data 
subscribers grows to the millions, static IP address 
assignment may not scale up and this feature may be 
unavailable. Third, even when users are not active, the 

25 Home Agent still needs to maintain the mapping of fixed 
IP addresses and the corresponding Mobile IP secrets 
that are shared between the mobile subscriber stations 
and their Home Agents. The burden for the Home Agent 
to provide telephony-strength reliability and availability 

30 could be overwhelming. 

[0005] Dynamic assignment of Home Agents and 
mobile station's IP address by the visited wireless net- 
work avoids unnecessary long routes, helps to reduce 
network latency and improves network resource utiliza- 

35 tion. It also help scalability. Since the mapping entries in 
the Home Agent can now be created on the fly, the 
number of active Mobile IP entries is shorter. Caching 
instead of hosting and shorter entries help reduce the 
burden on the Home Agent For example, the require- 

40 ment of reliability and availability may be far less strin- 
gent than otherwise. Meanwhile a Mobile IP tunnel 
within the visited wireless network between the Foreign 
Agent and the Home Agent .shown in Figure 4, provides 
the necessary framework of mobility management 

45 should the mobile subscriber station move to a new vis- 
ited wireless network. 

[0006] This kind of Mobile IP tunnel involves a 
dynamic Home Agent which requires a dynamically 
generated Mobile IP secret to be shared between the 

so mobile subscriber station and its dynamic Home Agent 
in a secure manner so that subsequent mobility binding 
updates can be performed securely. When the Home 
Agent is dynamic, selected by the visited wireless net- 
work, the simple key distribution solution used in the 

55 previous static IP address assignment case (preassign- 
ing static keys into the mobile stations) no longer works. 
Dynamic Home Agents thus require a more sophisti- 
cated key distribution scheme to support the creation of 
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a dynamic Mobile IP secret between the mobile sub- 
scriber station and the dynamic Home Agent in the vis- 
ited wireless network. However, if the provision and 
distribution of the dynamic secret between the mobile 
station and the dynamic Home Agent are not conducted 
in a secure manner, subsequent mobility binding 
updates are not secure and prone to attack. The cost of 
building an infrastructure with public/private cryptokeys 
and the necessary key distribution centers to provide 
the required data security is expensive and burden- 
some. Also, the use of dynamic Home Agent requires 
that the mobile subscriber station know about the IP 
address of selected dynamic Home Agent which may 
change on a per session basis. 

Solution 

[0007] The above-described problems are solved 
and a technical advance achieved by the present 
dynamic home agent system for wireless communica- 
tion systems which uses the existing infrastructure of 
the telephony signaling networks and enhanced cellular 
authentication centers to support dynamic Home 
Agents, either in visited wireless networks or home 
wireless networks in a secure manner. 
[0008] Examples of telephony signaling networks 
are ANSI-41 networks, GSM MAP networks or combi- 
nations thereof and are considered relatively secure 
because they are only accessible to wireless service 
providers who have business roaming agreements. 
Telephony signaling networks also provide telephony- 
strength reliability, availability, and quality of service 
guarantees. Authentication Centers are deployed in 
these networks as a cellular security mechanism to pro- 
vide cellular service qualification checks and to prevent 
cellular fraud. In particular, in ANSI systems the Authen- 
tication Key (A_Key) is a secret shared between a 
mobile subscriber station and its associated Authentica- 
tion Center. The A_Key is never transmitted over the air 
nor is it transmitted among Mobile Switching Centers. A 
Shared Secret Data (SSD) key, which changes from 
time to time as determined necessary by the Authenti- 
cation Center, is derived from the A„Key and other data 
relating to the mobile subscriber station using the Cellu- 
lar Authentication and Voice Encryption (CAVE) algo- 
rithm. Both the Authentication Center and a mobile 
subscriber station equipped with the CAVE algorithm 
can generate the Shared Secret Data key independ- 
ently using the CAVE algorithm. While the Authentica- 
tion Center may share the Shared Secret Data key with 
the visited wireless network that serves the mobile sub- 
scriber station for more efficient local processing, the 
Shared Secret Data key is never transmitted over the 
air. The Shared Secret Data key is used to produce 
other keys, such as the SMEKEY for encryption of dig- 
ital signaling messages over the air and the VPMASK 
key for encryption of digital voice traffic over the air. 
[0009] When the Shared Secret Data key is not 



shared with the visited wireless network, either the 
SMEKEY or VPMASK or both can be sent from the 
Authentication Center to the visited system for its use. 
The Visitor Location Register however cannot derive the 

5 Shared Secret Data key from the SMEKEY or VPMASK 
Since both a mobile subscriber station equipped with 
CAVE algorithm and the Authentication Center can pro- 
duce the SMEKEY and VPMASK independently based 
on the Shared Secret Data key, there is no need to 

10 transmit the SMEKEY or VPMASK over the air. 

[0010] This cellular security mechanism can be 
enhanced by the use of an additional key, denoted as 
the Dynamic Mobile IP Key (DMIPKEY) which is to be 
used by the dynamic Home Agent in the visited wireless 

15 network for authenticating Mobile IP registrations 
requested by the mobile subscriber station. The DMIP- 
KEY can be derived from the Shared Secret Data key or 
Shared Secret Data (SSD) part A (SSD_A), since the 
latter is used for authentication purposes. With neces- 

20 sary CAVE algorithm enhancements, both a mobile 
subscriber station equipped with the CAVE algorithm 
and its Authentication Center can independently pro- 
duce the DMIPKEY. Since the mobile subscriber station 
is equipped with the CAVE algorithm, the DMIPKEY 

25 does not need to be transmitted over the air. 

Brief Description Of Drawing 
[0011] 

30 

Figure 1 illustrates in block diagram form the overall 
of a typical wireless communication system of the 
prior art where static Mobile IP Home Agents in the 
Home Network use Mobile IP tunnels to serve 
35 mobile stations with static IP addresses for cellular 
packet data services; 

Figure 2 illustrates in flow diagram form the process 
of generation of the keys of the prior art used for 
40 authentication and encryption of data in existing 
wireless communication systems using the CAVE 
paradigm; 

Figure 3 illustrates in flow diagram form the process 
45 for generation of the keys used for authentication 
and encryption of data in the wireless communica- 
tion system in which the present dynamic Home 
Agent is implemented in the visited network; 

so Figure 4 illustrates in block diagram form the overall 
of a typical wireless communication system in 
which the present dynamic Home Agent is imple- 
mented; 

55 Figures 5 and 6 illustrate in flow diagram form two 
variations of the operation of the system of Figure 
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Figure 7 illustrates in block diagram form the overall 
of a typical wireless communication system in 
which the present dynamic Home Agent is imple- 
mented in the home wireless network; 

Figure 8 illustrates in flow diagram form the opera- 
tion of the system of Figure 7 

Figure 9 illustrates in flow diagram form the process 
of generation of the keys of the prior art used for 
authentication and encryption of data in existing 
wireless communication systems using the GSM 
paradigm; and 

Rgure 10 illustrates in flow diagram form the proc- 
ess for generation of the keys used for authentica- 
tion and encryption of data in the wireless 
communication system using the GSM paradigm in 
which the present dynamic Home Agent is imple- 
mented in the visited network. 



Detailed Description 

Wireless Communication System with Static Mobile 
IP Home Agents 

[0012] Figure 1 illustrates in block diagram form the 
overall of a typical wireless communication system of 
the prior art where static Mobile IP Home Agents use 
Mobile IP tunnels to serve mobile stations with static IP 
addresses for cellular packet data services In the 
description of the disclosed invention, the major entities 
are the wireless communication device 1 01 , base sta- 
tions 122-128, and the mobile switching center 110, 
Home Location Register 131, Authentication Center 
133, Foreign Agent 136 and Home Agent 111. The 
mobile switching center 110 contains a mobile telecom- 
munication controller, call processing and an adminis- 
trative call processing. A major function of these entities 
is the execution of call processing associated with the 
mobile switching center 110. The Home Agent 111, 1 32 
and Foreign Agent 136 provide packet data mobility 
management functionality that involves Mobile IP regis- 
tration authentication IP tunneling, as specified by 
Mobile IP related RFCs (Request For Comments). The 
base stations 122-128 contained in the wireless cells 
102-108 communicate with wireless communication 
device 101 using RF channels 121. RF channels 121 
convey both command messages as well as digital 
data, which may represent voice signals being articu- 
lated at the wireless communication device 1 01 and the 
far-end party. With a CDMA system, the mobile sub- 
scriber station communicates with at least one base sta- 
tion 112. 

[0013] Advanced packet data services are part of 
the third generation (3G) wireless communication sys- 
tems as specified by the ITU/IMT-2000 requirements for 
wireless communications. In addition to static Internet 



Protocol (IP) address assignment, dynamic Internet 
Protocol address assignment is required in 3G/IMT- 
2000 systems. With static IP address assignment, when 
the mobile subscriber station 101 is away from its home 
wireless network (roaming in a visited wireless network 
2) and the mobile subscriber station's fixed IP address 
is assigned by the home wireless network 1 , a data 
communications link (Mobile IP tunnel 3) needs to be 
established between the visited wireless network 2 and 
the home wireless network 1 . In particular, the Mobile IP 
tunnel 3 interconnects the Foreign Agent 136 of the vis- 
ited wireless network 2 with the Home Agent 132 of the 
home wireless network 1 . The Mobile IP tunnel 3 redi- 
rects the IP packets that are destined to the mobile sub- 
scriber station's static IP address to the visited wireless 
network 2 where the roaming mobile subscriber station 
is located and being served. 

[0014] When a mobile subscriber station 101 
moves from one wireless network coverage area to 
another, a Mobile IP mobility binding update is per- 
formed between the mobile subscriber station 1 01 and 
its Home Agent (HA) 132 as a result of Mobile IP regis- 
trations. Since a pre-programmed secret exists between 
the mobile subscriber station 1 01 and the Home Agent 
25 132, the Home Agent 132 can authenticate Mobile IP 
registrations requested by the mobile subscriber station 
101 and the mobility binding is thus secure. 

Authentication and Encryption With CAVE Algo- 
so rithm 

[0015] Figure 2 illustrates in flow diagram form the 
process for generation of the keys of the prior art used 
for authentication and encryption of data. Telephony 

35 signaling networks can be ANSI-41 networks, GSM 
MAP networks or combinations thereof and are consid- 
ered relatively secure because they are only accessible 
to wireless service providers who have business roam- 
ing agreements. Authentication Centers 133 are 

40 deployed in these networks 1, 2 as a cellular security 
mechanism to provide cellular service qualification 
checks and to prevent cellular fraud. In particular, the 
Authentication Key (A_Key) is a secret shared between 
a mobile subscriber station 101 and its associated 

45 Authentication Center 1 33. The A_Key is never trans- 
mitted over the air nor is it transmitted among Mobile 
Switching Centers. A Shared Secret Data (SSD) key, 
which changes from time to time as determined neces- 
sary by the Authentication Center 133 is derived from 

so the A_Key other data relating to the mobile subscriber 
station 101 using the CAVE algorithm. Both the Authen- 
tication Center 1 33 and a mobile subscriber station 1 01 
equipped with the CAVE algorithm can generate the 
Shared Secret Data key independently using the CAVE 

55 algorithm. While the Authentication Center 133 may 
share the Shared Secret Data key with the visited wire- 
less network 2 that serves the mobile subscriber station 
101 for more efficient processing, the Shared Secret 
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Data key is never transmitted over the air. The Shared 
Secret Data key is used to produce other keys, such as 
the SMEKEY for encryption of digital signaling mes- 
sages over the air and the VPMASK key for encryption 
of digital voice traffic over the air. 5 
[0016] When the Shared Secret Data key is not 
shared with the visited wireless network 2, either the 
SMEKEY or VPMASK or both can be sent from the 
Authentication Center 133 to the visited wireless net- 
work 2 for its use. The Visitor Location Register 110 10 
however cannot derive the Shared Secret Data key from 
the SMEKEY or VPMASK. Since both a mobile sub- 
scriber station 1 01 equipped with CAVE algorithm and 
the Authentication Center 133 can produce the SME- 
KEY and VPMASK independently based on the Shared 15 
Secret Data key, there is no need to transmit the SME- 
KEY or VPMASK over the air. 

Wireless Communication System with Dynamic 
Mobile IP Home Agents 20 

[001 7] Figure 4 illustrates in block diagram form the 
overall architecture of atypical wireless communication 
system where dynamic Mobile IP Home Agents in the 
visited wireless network 2 use dynamic IP addresses for 25 
cellular packet data services. Dynamic IP address 
assignment by the visited wireless network 2 avoids 
unnecessary long routes, helps to reduce network 
latency and improves network resource utilization. It 
also help scalability. Since the mapping in the database 30 
1 35 of the Home Agent 1 1 1 can now be created on the 
fly, the number of active Mobile IP entries is shorter. 
Caching instead of hosting and shorter entries help 
reduce the burden on the Home Agent . A Mobile IP tun- 
nel 3 within the visited wireless network 2 between the 35 
Foreign Agent 136 and the Home Agent 111 provides 
the necessary framework of mobility management 
should the mobile subscriber station 101 move to a new 
visited wireless network. For example, the requirement 
of reliability and availability may be far less stringent to 
than otherwise. 

[0018] This kind of Mobile IP tunnel involves a 
dynamic Home Agent which requires a dynamically 
generated Mobile IP secret to be shared between the 
mobile subscriber station and its dynamic Home Agent 45 
in a secure manner so that subsequent mobility binding 
updates can be performed securely. When the Home 
Agent is dynamic, selected by the visited wireless net- 
work, the simple key distribution solution used in the 
previous static IP address assignment case (preassign- so 
ing static keys into the mobile stations) no longer works. 
Dynamic Home Agents thus require a more sophisti- 
cated key distribution scheme to support the creation of 
a dynamic Mobile IP secret between the mobile sub- 
scriber station and the dynamic Home Agent in the vis- 55 
ited wireless network. However, if the provision and 
distribution of the dynamic secret between the mobile 
station and the dynamic Home Agent are not conducted 



in a secure manner, subsequent mobility binding 
updates are not secure and prone to attack. The cost of 
building an infrastructure with public/private cryptokeys 
and the necessary key distribution centers to provide 
the required data security is expensive and burden- 
some. Also, the use of dynamic Home Agent requires 
that the mobile subscriber station know about the IP 
address of selected dynamic Home Agent which may 
change on a per session basis. 

Dynamic Home Agent In the Visited Wireless Net- 

[0019] This cellular security mechanism described 
in Figure 2 can be enhanced by the use of an additional 
key, the Dynamic Mobile IP Key, denoted DMIPKEY, 
which is used by the dynamic Home Agent 111 in the 
visited wireless network 2 for authenticating Mobile IP 
registrations requested by the mobile subscriber station 
101, as shown in Figure 4. The DMIPKEY can be 
derived from the Shared Secret Data key or Shared 
Secret Data part A (SSD_A), since the latter is used for 
authentication purposes. With necessary CAVE algo- 
rithm enhancements, both a mobile subscriber station 
101 equipped with the CAVE algorithm and its Authenti- 
cation Center 133 can independently produce the DMI- 
PKEY. Since the mobile subscriber station 101 is 
equipped with the CAVE algorithm, the DMIPKEY does 
not need to be transmitted over the air. 
[0020] Figure 3 illustrates in flow diagram form the 
process for generation of the keys used for authentica- 
tion and encryption of data in the wireless communica- 
tion system in which the present dynamic Home Agent 
is implemented, while Figure 4 illustrates in block dia- 
gram form the overall architecture of a typical wireless 
communication system in which the present dynamic 
home agent is implemented and Figures 5 and 6 illus- 
trate in flow diagram form two variations of the operation 
of the system of Figure 4. 

[0021] The DMIPKEY can be used to support 
dynamic Home Agents in a visited wireless network 2. 
The process of dynamically generating a Mobile IP 
shared secret for a packet data subscriber is denoted as 
fun(SSD_A,...) in the Authentication Center 133 data- 
base 134 in Figure 4. The generated key is sent over the 
telephony signaling network 5 and propagated along 
with the dynamic IP address assigned to the mobile 
subscriber station 101 by the visited wireless network 2, 
in the Home Agent 1 1 1 of the visited wireless network 2. 
In particular, the mobile subscriber station 101 who is a 
roamer registers as shown in Figure 5 at step 501 with 
the visited wireless network 2 for packet data services 
and requests a dynamic IP address to be assigned by 
the visited wireless network 2. The registration/authen- 
tication request is transmitted at step 502 by the Visitor 
Location Register 1 1 0 through the telephony signaling 
network 5 to the Home Location Register 1 31 of the cel- 
lular subscriber's home wireless network 1 , where it is 
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passed to the Authentication Center 133 at step 503. 
The Authentication Center 133 authenticates the sub- 
scriber at step 504. 

[0022] At step 505, if the Visitor Location Register 
1 1 0 of the visited wireless network 2 is not CAVE algo- 
rithm capable, or if the home wireless network 1 does 
not share the SSD with the visited wireless network 2, 
then the Authentication Center 133 creates a dynamic 
Mobile IP shared secret, denoted dynMipKey, using the 
mobile subscriber station's SSD_A stored in the data- 
base 1 34 and the enhanced CAVE algorithm that gener- 
ates the key via fun(SSD_A,...). The Authentication 
Center 133 returns the generated dynMipKey to the 
Home Location Register 131 at step 506 as part of the 
authentication response, which is forwarded over the 
telephony signaling network 5 to the Visitor Location 
Register 110 in the visited wireless network 2 at step 
507. If the dynMipKey is present in the response mes- 
sage, at step 508 the Visitor Location Register 1 1 0 
extracts it. The visited wireless network 2 selects a local 
Home Agent and the Dynamic Host Configuration Pro- 
tocol (DHCP) server in the visited wireless network 2 
assigns a dynamic IP address, denoted vDynIP, to the 
mobile subscriber station 1 01 at step 509, and the infor- 
mation of the mobile subscriber station's assigned 
dynamic IP address vDynIP and the derived Mobile IP 
shared secret dynMipKey is propagated to the Home 
Agent 111 in the visited wireless network 2 at step 51 0. 
The Home Agent's IP address is attached to the 
response message that is transmitted to the mobile sub- 
scriber station 101 at step 511. The mobile subscriber 
station 101 equipped with the enhanced Cellular 
Authentication and Voice Encryption algorithm gener- 
ates the dynMipKey based on the SSD_A if the Home 
Agent's IP address is included in the response message 
at step 512. The normal IPCP phase of PPP starts dur- 
ing which the dynamic IP address allocated to the 
mobile subscriber station 101 by the DHCP and the 
DNS IP address are both provided to the mobile sub- 
scriber station 101 through IPCP message exchanges 
at step 513. At step 514, the mobile subscriber station 
initiates the Mobile IP registration using the Home 
Agent's IP address and the generated dynMipKey. If the 
home wireless network 1 shares the SSD with the Visi- 
tor Location Register 1 1 0 of the visited wireless network 
2, the DMIPKEY can be generated by the Visitor Loca- 
tion Register 110 if it is equipped with the enhanced 
CAVE algorithm. As such, the DMIPKEY need not be 
included in the Home Location Register 131 authentica- 
tion response message noted above. This is illustrated 
in flow diagram form in Figure 6 where the process of 
Figure 5 is modified to account for this capability. In par- 
ticular, steps 601 -604 of Figure 6 are identical to steps 
501 -504 of Figure 5. However, at step 605, if the Visitor 
Location Register 1 1 0 of the visited wireless network 2 
is capable of enhanced CAVE algorithm, and the home 
wireless network 1 shares the SSD with the visited wire- 
less network 2, the Authentication Center 110 produces 



an indication requesting the visitor location register 1 10 
to generate a Mobile IP shared secret key dynMipKey. 
The Authentication Center 133 returns the indication to 
the Home Location Register 131 at step 606 as part of 
the authentication response, which is fowarded over the 
telephony signaling network 5 to the Visitor Location 
Register 110 in the visited wireless network 2 at step 
607. If the indication is present in the response mes- 
sage, at step 608 the Visitor Location Register 110 gen- 
erates a Mobile IP shared secret key, denoted 
dynMipKey, using the mobile subscriber station's 
SSD_A stored in the Visitor Location Register 110 and 
enhanced CAVE algorithm that generates the key via 
fun(SSD_A...). The visited wireless network 2 selects a 
local Home Agent and the Dynamic Host Configuration 
Protocol (DHCP) server in the visited wireless network 2 
assigns a dynamic IP address vDynIP to the mobile 
subscriber station 101 at step 609, and the information 
of the mobile subscriber station's assigned dynamic IP 
address vDynIP and the derived Mobile IP shared 
secret dynMipKey is propagated to the Home Agent 1 1 1 
in the visited wireless network 2 at step 610. The Home 
Agent's IP address is attached to the response mes- 
sage that is transmitted to the mobile subscriber station 
101 at step 611. The mobile subscriber station 101 
equipped with the enhanced Cellular Authentication and 
Voice Encryption algorithm generates the dynMipkey 
based on the SSD_A if the Home Agent's IP address is 
included in the response message at step 612. The nor- 
mal IPCP phase of PPP starts during which the 
dynamic IP address allocated to the mobile subscriber 
station 101 by the DHCP and the DNS IP address are 
both provided to the mobile subscriber station 101 
through IPCP message exchanges at step 613. At step 
614, the mobile subscriber station initiates the Mobile IP 
registration using the Home Agent's IP address and the 
generated dynMipKey. 

Dynamic Home Agent in the Home Wireless Net- 

[0023] Figure 7 illustrates in block diagram form the 
overall of a typical wireless communication system in 
which the present dynamic Home Agent is imple- 
mented, and Figure 8 illustrates in flow diagram form the 
operation of the system of Figure 7. The same mecha- 
nism noted above with respect to Figure 4 can be used 
in the instance where the home wireless network 1 
assigns dynamic IP addresses, using a dynamic Home 
Agent 132 located in the home wireless network 1. In 
particular, the mobile subscriber station 1 01 who is a 
roamer registers with the visited wireless network 2 for 
packet data services and requests a dynamic IP 
address to be assigned by the home wireless network 1 
at step 801 . The registration/authentication request is 
transmitted at step 802 by the Visitor Location Register 
110 through the telephony signaling network 5 to the 
Home Location Register 131 of the cellular subscriber's 
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home wireless network 1, where it is passed to the 
Authentication Center 133 at step 803. The Authentica- 
tion Center 133 authenticates the subscriber at step 
804A At step 804B, the Authentication Center 133 
derives a dynamic Mobile IP shared secret, denoted as 
dynMipKey, using the mobile subscriber station's 
SSD_A data stored in the database 134 and an 
enhanced CAVE algorithm that generates the key via 
fun(SSD_A,...). The Authentication Center 133 at step 
805 returns the Mobile IP shared secret to the Home 
Location Register 131 as part of the authentication 
response. The home wireless network 1 selects a Home 
Agent and the Dynamic Host Configuration Protocol 
(DHCP) server in the home wireless network 1 assigns 
a dynamic IP address, denoted as hDynIP, to the mobile 
subscriber station 101 at step 806, and the information 
of the mobile subscriber station's assigned dynamic IP 
address hDynIP and the derived Mobile IP shared 
secret dynMipKey is propagated to the Home Agent 1 1 1 
in the home wireless network 1 at step 807. The Home 
Agent's IP address and the dynamic IP address hDynIP 
are forwarded over the telephony signaling network 5 to 
the Visitor Location Register 1 1 0 in the visited wireless 
network 2 at step 808, and the Home Agenfs IP 
address is attached to the response message that is 
transmitted to the mobile subscriber station 101 at step 
809. The mobile subscriber station 101 equipped with 
the enhanced CAVE algorithm generates the dynMip- 
Key at step 810 based on the SSD_A if the Home 
Agenfs IP address is included in the response mes- 
sage. The normal IPCP phase of PPP starts during 
which the dynamic IP address allocated to the mobile 
subscriber station 101 by the DHCP server and the 
DNS IP address are both provided to the mobile sub- 
scriber station 101 through IPCP message exchanges 
at step 81 1. At step 812, the mobile subscriber station 
initiates the Mobile IP registration using the Home 
Agent's IP address and the generated dynMipKey. 

GSM Capable Systems 

[0024] The above description is focused on the use 
of enhancements of the CAVE algorithm of commer- 
cially available CDMA and TDMA networks for the gen- 
eration of the shared secret. However, there are 
wireless communication systems that do not use the 
CAVE algorithm and one significant alternative is the 
GSM network. Figure 9 illustrates in flow diagram form 
the process of generation of the keys of the prior art 
used for authentication and encryption of data in exist- 
ing wireless communication systems using the GSM 
paradigm and Figure 1 0 illustrates in flow diagram form 
the process for generation of the keys used for authen- 
tication and encryption of data in the wireless communi- 
cation system using the GSM paradigm in which the 
present dynamic Home Agent is implemented in the vis- 
ited network and the home network. 
[0025] GSM Authentication Centers are deployed in 



these GSM networks as a cellular security mechanism 
to provide cellular service qualification checks and to 
prevent cellular fraud, in particular, the Cipher Key (Kc) 
is a secret shared between a GSM mobile subscriber 

5 station and its associated Authentication Center. Both 
the GSM capable mobile subscriber station and the 
home network Authentication Center are capable of the 
GSM authentication algorithm (A3) and the cipher key 
generation algorithm (A8). The Cipher Key (Kc) is 

10 derived from Ki via the cipher key generation algorithm 
A8 and is used for encryption of digital signaling mes- 
sages over the air and the for encryption of digital voice 
traffic over the air. The Signed Response (SRES) is 
derived from Ki via use of the GSM authentication algo- 

75 rithm A3 and is used to authenticate the GSM mobile 
subscriber station. Similar to the enhancements to the 
CDMA and TDMA networks described previously. 
Dynamic Mobile IP Key (DMIPKEY) can be derived from 
the Signed Response (SRES) or from Ki by the GSM 

20 Authentication Center and GSM mobile subscriber sta- 
tion, both of which are equipped with the enhanced 
GSM authentication algorithm. However, unlike the 
ANSI-41 Authentication Center where the Visitor Loca- 
tion Register could be CAVE capable and thus the DMI- 

25 PKEY may be generated by the Visitor Location 
Register, the GSM Authentication Center always trans- 
mits the Authentication Center generated Signed 
Response (SRES) and Ki (among other information) to 
the Visitor Location Register through the Home Loca- 

30 tion Register. Thus, for GSM networks, the Authentica- 
tion Center generated DMIPKEY is transmitted to the 
Visitor Location Register through the Home Location 
Register and the Visitor Location Register does not gen- 
erate the DMIPKEY. 

35 

Summary 

[0026] The dynamic Home Agent system for wire- 
less communication systems uses the existing infra- 

40 structure of the telephony signaling networks and 
enhanced cellular Authentication Centers to support 
dynamic Home Agents, either in visited wireless net- 
works or home wireless networks in a secure manner. 
The existing cellular security mechanism that is based 

45 on the Cellular Authentication and Voice Encryption 
(CAVE) algorithm is enhanced by the use of an addi- 
tional key, the Dynamic Mobile IP Key (DMIPKEY) 
which is used by the dynamic Home Agent in the visited 
wireless network or home wireless network for securely 

so authenticating Mobile IP registrations requested by the 
mobile subscriber station. 

Claims 

55 1 . A dynamic home agent system for wireless commu- 
nication systems to provide packet data services to 
a roaming mobile subscriber station in a visited 
wireless network by the dynamic assignment of a 
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home agent in a one of a home wireless network 
and said visited wireless network, comprising: 

means, responsive to said mobile subscriber 
station registering with said visited wireless 5 
network for packet data services and request- 
ing a dynamic IP address of a one of said vis- 
ited wireless network and said home wireless 
network to be assigned, for forwarding said 
request for a dynamic IP address to said home 10 
wireless network; 

means, located in an authentication center in 
said home wireless network and said mobile 
subscriber station, for dynamically generating a 15 
Mobile Internet Protocol shared secret which is 
shared between said mobile subscriber station 
and a dynamically selected home agent in a 
secure manner to enable mobility binding 
updates to be performed securely; and 20 

means, in said one of said visited wireless net- 
work and said home wireless network and 
responsive to said authentication center gener- 
ating and transmitting authentication informa- 25 
tion for said mobile subscriber station to said 
dynamically selected home agent, for authenti- 
cating Mobile Internet Protocol registrations 
requested by said mobile subscriber station 
absent the transmission of said Mobile Internet 30 
Protocol shared secret to said roaming mobile 
subscriber station and said visited wireless net- 
work from said authentication center. 

2. The dynamic home agent system of claim 1 35 
wherein said means for forwarding comprises: 

visitor location register means for transmitting 
said request for a dynamic IP address through 
a telephony signaling network that intercon- 40 
nects said home wireless network and said vis- 
ited wireless network to a home location 
register of said home wireless network, where 
it is passed to said authentication center. 

3. The dynamic home agent system of claim 2 further 
comprising: 

means, in said authentication center respon- 
sive to said visitor location register not being so 
Cellular Authentication and Voice Encryption 
algorithm capable, for creating a dynamic 
Mobile Internet Protocol shared secret- 
means for returning said generated dynamic 55 
Mobile Internet Protocol shared secret to said 
home location register; 
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means for forwarding said generated dynamic 
Mobile Internet Protocol shared secret over 
said telephony signaling network in a response 
message to said visitor location register. 

4. The dynamic home agent system of claim 3 
wherein said means for authenticating comprises: 

means, located in said visited wireless network 
and responsive to presence of said dynamic 
Mobile Internet Protocol shared secret in said 
response message, for dynamically selecting a 
local home agent located in said visited wire- 
less network; 

means for assigning a dynamic IP address to 
said mobile subscriber station; 

means for propagating said mobile subscriber 
station's assigned dynamic IP address and 
said derived Mobile Internet Protocol shared 
secret to said dynamically selected home 
agent located in said visited wireless network; 

means for attaching the IP address of said 
dynamically selected home agent to the 
response message that is transmitted to said 
mobile subscriber station. 

5. The dynamic home agent system of claim 4 further 
comprising: 

means for generating, in said mobile sub- 
scriber station equipped with said enhanced 
Cellular Authentication and Voice Encryption 
algorithm, said derived Mobile Internet Proto- 
col shared secret; and 

means, in said mobile subscriber station, for 
initiating Mobile Internet Protocol registrations 
using said IP address of said dynamically 
selected home agent and said derived Mobile 
Internet Protocol shared secret. 

6. The dynamic home agent system of claim 2 further 
comprising: 

means, in said authentication center respon- 
sive to said visitor location register being Cellu- 
lar Authentication and Voice Encryption 
algorithm capable and enhanced, for producing 
an indication requesting said visitor location 
register to generate a Mobile Internet Protocol 
secret key; 

means for returning said indication to said 
home location register; 
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means for forwarding said indication over said 
telephony signaling network in a response 
message to said visitor location register. 

7. The dynamic home agent system of claim 6 5 
wherein said means for authenticating comprises: 

means, in said visited wireless network and 
responsive to presence of said indication in 
said response message, for dynamically 10 
selecting a local home agent located in said 
visited wireless network; 

means, in said visited location register for 
deriving a dynamic mobile IP secret; is 

means for assigning a dynamic IP address to 
said mobile subscriber station; 

means for propagating said mobile subscriber 20 
station's assigned dynamic IP address and 
said Mobile Internet Protocol shared secret to 
said dynamically selected home agent located 
in said visited wireless network; 

means for attaching the IP address of said 
dynamically selected home agent to the 
response message that is transmitted to said 
mobile subscriber station. 

30 

8. The dynamic home agent system of claim 7 further 
comprising: 

means for generating, in said mobile sub- 
scriber station equipped with said enhanced 35 
Cellular Authentication and Voice Encryption 
algorithm, said derived Mobile Internet Proto- 
col shared secret; and 

means, in said mobile subscriber station, for 40 
initiating Mobile Internet Protocol registrations 
using said IP address of said dynamically 
selected home agent and said derived Mobile 
Internet Protocol shared secret. 

9. The dynamic home agent system of claim 2 further 
comprising: 

means, in said authentication center respon- 
sive to said visitor location register requesting a so 
dynamic IP address in said home wireless net- 
work to be assigned, for creating a dynamic 
Mobile Internet Protocol shared secret; 

means for returning said generated dynamic 55 
Mobile Internet Protocol shared secret to said 
home location register; 



means for dynamically selecting a local home 
agent located in said home wireless network; 

means for assigning a dynamic IP address to 
said mobile subscriber station; 

means for propagating said mobile subscriber 
station's assigned dynamic IP address and 
said Mobile Internet Protocol shared secret to 
said dynamically selected home agent in said 
home wireless network; 

means for attaching the IP address of said 
dynamically selected home agent to the 
response message that is transmitted to said 
mobile subscriber station. 

10. The dynamic home agent system of claim 9 further 
comprising: 

means for generating, in said mobile sub- 
scriber station equipped with said enhanced 
Cellular Authentication and Voice Encryption 
algorithm, said derived Mobile Internet Proto- 
col shared secret; and 

means, in said mobile subscriber station, for 
initiating Mobile Internet Protocol registrations 
using said IP address of said dynamically 
selected home agent and said derived Mobile 
Internet Protocol shared secret. 

11. A method of operating a dynamic home agent sys- 
tem for wireless communication systems to provide 
packet data services to a roaming mobile sub- 
scriber station in a visited wireless network by the 
dynamic assignment of a home agent in a one of a 
home wireless network and said visited wireless 
network, comprising the steps of: 

forwarding, in response to said mobile sub- 
scriber station registering with said visited wire- 
less network for packet data services and 
requesting a dynamic IP address of a one of 
said visited wireless network and said home 
wireless network to be assigned, said request 
for a dynamic IP address to said home wireless 
network; 

dynamically generating, in an authentication 
center in said home wireless network and said 
mobile subscriber station, a Mobile Internet 
Protocol shared secret which is shared 
between said mobile subscriber station and a 
dynamically selected home agent in a secure 
manner to enable mobility binding updates to 
be performed securely; and 
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authenticating, in one of said visited wireless 
network and said home wireless network in 
response to said authentication center generat- 
ing and transmitting authentication information 
for said mobile subscriber station to said 5 
dynamically selected home agent, Mobile Inter- 
net Protocol registrations requested by said 
mobile subscriber station absent the transmis- 
sion of said Mobile Internet Protocol shared 
secret to said roaming mobile subscriber sta- 70 
tion and said visited wireless network from said 
authentication center. 

12. The method of operating a dynamic home agent 
system of claim 1 wherein said step of forwarding is 
comprises: 

transmitting said request for a dynamic IP 
address from a visitor location register through 
a telephony signaling network that intercon- 20 
nects said home wireless network and said vis- 
ited wireless network to a home location 
register of said home wireless network, where 
it is passed to said authentication center. 

25 

13. The method of operating a dynamic home agent 
system of claim 12 further comprising the steps of: 

creating, in said authentication center in 
response to said visitor location register not 30 
being Cellular Authentication and Voice 
Encryption algorithm capable, a dynamic 
Mobile Internet Protocol shared secret; 

returning said generated dynamic Mobile Inter- 35 
net Protocol shared secret to said home loca- 
tion register; 

forwarding said generated dynamic Mobile 
Internet Protocol shared secret over said 40 
telephony signaling network in a response 
message to said visitor location register. 

14. The method of operating a dynamic home agent 
system of claim 13 wherein said step of authenticat- 45 
ing comprises: 

dynamically selecting, in said visited wireless 
network in response to presence of said 
dynamic Mobile Internet Protocol shared so 
secret in said response message, a local home 
agent located in said visited wireless network; 

assigning a dynamic IP address to said mobile 
subscriber station; 55 

propagating said mobile subscriber station's 
assigned dynamic IP address and said derived 



Mobile Internet Protocol shared secret to said 
dynamically selected home agent located in 
said visited wireless network; 

attaching the IP address of said dynamically 
selected home agent to the response message 
that is transmitted to said mobile subscriber 
station. 

15. The method of operating a dynamic home agent 
system of claim 1 4 further comprising the steps of: 

generating, in said mobile subscriber station 
equipped with said enhanced Cellular Authenti- 
cation and Voice Encryption algorithm, said 
derived Mobile Internet Protocol secret; and 

initiating, in said mobile subscriber station, 
Mobile Internet Protocol registrations using 
said IP address of said dynamically selected 
home agent and said derived Mobile Internet 
Protocol shared secret. 

16. The method of operating a dynamic home agent 
system of claim 12 further comprising the steps of: 

producing, in said authentication center in 
response to said visitor location register being 
Cellular Authentication and Voice Encryption 
algorithm capable and enhanced, an indication 
requesting said visitor location register to gen- 
erate a Mobile Internet Protocol secret key; 

returning said indication to said home location 
register; 

forwarding said indication over said telephony 
signaling network in a response message to 
said visitor location register. 

17. The method of operating a dynamic home agent 
system of claim 1 6 wherein said step of authenticat- 
ing comprises: 

dynamically selecting, in said visited wireless 
network and in response to presence of said 
indication in said response message, a local 
home agent located in said visited wireless net- 
work; 

deriving, in said visited location register, a 
dynamic mobile IP secret; 

assigning a dynamic IP address to said mobile 
subscriber station; 

propagating said mobile subscriber station's 
assigned dynamic IP address and said Mobile 
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Internet Protocol shared secret to said dynam- 
ically selected home agent located in said vis- 
ited wireless network; 

attaching the IP address of said dynamically 5 
selected home agent to the response message 
that is transmitted to said mobile subscriber 
station. 

18. The method of operating a dynamic home agent 10 
system of claim 1 7 further comprising the steps of: 

generating, in said mobile subscriber station 
equipped with said enhanced Cellular Authenti- 
cation and Voice Encryption algorithm, said is 
derived Mobile Internet Protocol secret; and 

initiating, in said mobile subscriber station, 
Mobile Internet Protocol registrations using 
said IP address of said dynamically selected 20 
home agent and said derived Mobile Internet 
Protocol shared secret. 

19. The method of operating a dynamic home agent 
system of claim 12 further comprising the steps of: 25 

creating, in said authentication center in 
response to said mobile subscriber station 
requesting a dynamic IP address in said home 
wireless network to be assigned, a dynamic 30 
Mobile Internet Protocol secret; 

returning said generated dynamic Mobile Inter- 
net Protocol secret to said home location regis- 
ter; 35 

dynamically selecting a local home agent 
located in said home wireless network; 

assigning a dynamic IP address to said mobile 40 
subscriber station; 

propagating said mobile subscriber station's 
assigned dynamic IP address and said Mobile 
Internet Protocol secret to said dynamically 45 
selected home agent in said home wireless 
network; 

attaching the IP address of said dynamically 
selected home agent to the response message so 
that is transmitted to said mobile subscriber 
station. 

20. The method of operating a dynamic home agent 
system of claim 1 9 further comprising the steps of: 55 

generating, in said mobile subscriber station 
equipped with said enhanced Cellular Authenti- 



cation and Voice Encryption algorithm, said 
derived Mobile Internet Protocol secret; and 

initiating, in said mobile subscriber station, 
Mobile Internet Protocol registrations using 
said IP address of said dynamically selected 
home agent and said derived Mobile Internet 
Protocol shared secret. 
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